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S1. Configuration of the CALIOPE system in this study
Figure S1. CMAQ domains in the CALIOPE system for the present study. EU12 corresponds to the mother domain at 12-km horizontal resolution (black). IP4 depicts the Iberian Peninsula domain at 4-km horizontal resolution used to run ISAM (red)
S2. Evaluation of biogenic emissions
S4. Model evaluation
We evaluate the updated version of CALIOPE using ISAM to quantify the system's ability to reproduce O3 and NO2 concentrations. We evaluate the simulated concentrations against air quality measurements from the Spanish monitoring stations that are part of the European Environment Information and Observation Network (EIONET; https://www.eionet.europa.eu/). The EIONET network provides a relatively dense geographical coverage of the Spanish territory. During the July 21 st -31 st episode we used the measurements from 347 stations for O3 and 357 stations for NO2 with a temporal coverage above 85% on an hourly basis. Fig. S2 shows the distribution of the stations for O3 and NO2. Figure S4 depicts the MB, RMSE and r for average hourly and MDA8 O3, and average hourly NO2 concentrations.
Figure S4. Mean bias (MB, in µg/m 3 ) (first column) , Root Mean Squared Error (RMSE, in µg/m 3 ) (second column) and correlation coefficient (r) (third column) for HL O3, MDA8 O3 and HL NO2 at the Spanish EIONET stations during the selected O3 episode
This section also evaluates the meteorological fields wind speed (WS), wind direction (WD) at 10 m and temperature at 2 m (T2M) using METeorological Aerodrome Report stations (METAR). For the selected episode, there were 50 METAR stations located at airports (see location in Fig. S5 ). Table S2 shows the summary of the statistical evaluation following the methodology explain in "Section 2.4 Evaluation method" for concentrations.
Figure S5. Hourly Temperature at 2 m (T2M, in ºC) (first column), Wind Direction (WD, in deg) (second column) and Wind Speed (WS) (third column) at the METAR (METeorological Aerodrome Report) stations over Spain during the selected O3 episode. First row shows the correlation coefficient for each METAR station. Second row shows daily cycles for the meteorological variables for model and observations at the METAR stations. Q1, Q2 and Q3 indicate quartiles for the daily cycle. Bars show Q1 and Q3 at each hour
It is the modelled T2M that shows the best behaviour when compared with observations (r=0.91) (Table  S2 ). The model slightly underestimates T2M (-0.2 ºC), especially for maximum and minimum temperatures (1.0ºC and 0.4 ºC for p25 and p75, respectively) (Fig. S5) . The model reproduces the WS (r=0.42-0.70) with an overestimation of ~0.3 ms-1 on average. The overestimation is particularly marked during nighttime (Fig. S5 ), coincident with low-level wind speeds. These biases may contribute to the underestimation of surface concentrations of O3 precursors. The wind direction shows a lower correlation coefficient (0.1, 0.43). As for WS, daily cycle shows the better agreement with observation during the day and problems at nighttime. Table S2 . Statistics for T2M, WS and WD in the selected O3 episode at the METAR stations. N indicates the  number of pairs of data used in the discrete evaluation on an hourly basis and n the number of stations (see Fig.  S2). Statistics are calculated by considering more than 75% of the hours in a day. The statistics correspond to  following quantiles 50 th (25 th , 75 th ) 3 (131.8,186.9) 159.9 (140.4,209,5) 9.6 (-10.9,24.7) 6.2 (-7.1,16.3) 119.45 (101.6,141.5) 0.27 (0.1,0.43) WS (ms -1 ) 13195/50 3.0 (2.5,3.3) 3.2 (2.9,3.5) 0.3 (-0.1,0.7) 12.3 (-3.9,26.1) 1.9 (1.6,2.1) 0.56 (0.42,0.70) Overall, nighttime meteorology remains a challenge for meteorological models. The nighttime systematic overestimation of wind is a potential source of large error compensation for the modelling of NO2 and O3 nighttime concentrations. Figure S6. Tagged NO2 concentrations (in µgm -3 ) corresponding to the 90 th percentile (90p) of the average hourly  concentrations: SNAP1, SNAP34, SNAP7, SNAP8, OTHER, and BCON for July 25 th (first column) , 28 th (second column) and 31 st (third columns) in 2012 Table S3 . Sea (MED), North-Eastern IP (NEIP), Northern IP (NIP), North-Western IP (NWIP) 
S5. Tagged NO2 concentrations
S6. Regionalization of source-sector contributions
Absolute (µgm -3 ) and normalized (%) contribution of tagged sources to surface O3 concentration by receptor region: Center of the IP (CIP), Eastern IP (EIP), Ebro Valley (EV), Guadalquivir Valley (GV), the Mediterranean
S7. Ozone global maps
Surface Column Figure S7. O3 global maps for surface concentration (first column, in ppbv) and column (right column, in DU) 
for the July 25 th (first row), 28 th (second row) and 31 st (third row) in 2012 for the MOZART-4 model used for CALIOPE boundary condition in the European domain (EU12). Source: http://www.acom.ucar.edu/acresp/forecast/
